Purpose: The aims are to: (i) display the multidimensional learning curve of totally laparoscopic distal gastrectomy, and (ii) verify the feasibility of totally laparoscopic distal gastrectomy after learning curve completion by comparing it with laparoscopy-assisted distal gastrectomy. Materials and Methods: From January 2005 to June 2012, 247 patients who underwent laparoscopy-assisted distal gastrectomy (n=136) and totally laparoscopic distal gastrectomy (n=111) for early gastric cancer were enrolled. Their clinicopathological characteristics and early surgical outcomes were analyzed. Analysis of the totally laparoscopic distal gastrectomy learning curve was conducted using the moving average method and the cumulative sum method on 180 patients who underwent totally laparoscopic distal gastrectomy. Results: Our study indicated that experience with 40 and 20 totally laparoscopic distal gastrectomy cases, is required in order to achieve optimum proficiency by two surgeons. There were no remarkable differences in the clinicopathological characteristics between laparoscopy-assisted distal gastrectomy and totally laparoscopic distal gastrectomy groups. The two groups were comparable in terms of open conversion, combined resection, morbidities, reoperation rate, hospital stay and time to first flatus (P>0.05). However, totally laparoscopic distal gastrectomy had a significantly shorter mean operation time than laparoscopy-assisted distal gastrectomy (P<0.01). We also found that intra-abdominal abscess and overall complication rates were significantly higher before the learning curve than after the learning curve (P<0.05). Conclusions: Experience with 20~40 cases of totally laparoscopic distal gastrectomy is required to complete the learning curve. The use of totally laparoscopic distal gastrectomy after learning curve completion is a feasible and timesaving method compared to laparoscopyassisted distal gastrectomy.
Introduction
The use of laparoscopic gastrectomy to treat early gastric cancer has recently gained acceptance for its minimal invasiveness, making it a suitable alternative method to an open procedure. 1, 2 Totally laparoscopic distal gastrectomy (TLDG) including intracorporeal gastrointestinal anastomosis for gastric cancer is increasingly performed as surgeons gain experience and laparoscopic instruments continue to evolve. Reports focused on its feasibility, cosmesis, minimal invasiveness, and speedy recovery are increasing. [3] [4] [5] However, some technical difficulties remain, including doubts about oncological safety (e.g., sufficient tumor-free margin) and surgeon unfamiliarity with performing intracorporeal anastomosis. For these reasons, laparoscopy-assisted distal gastrectomy (LADG) including extracorporeal anastomosis has also been a common laparoscopic surgery procedure.
Surgeons, who are currently practicing the TLDG procedure, and even experienced laparoscopic experts, should be aware that it is considered an advanced laparoscopic procedure and that it carries a significant learning curve. Although many studies have been reported on LADG learning curves, no report has yet introduced the TLDG learning curve. [6] [7] [8] [9] The aims of this study were to: (i) display the multidimensional TLDG learning curve performed by two experienced laparoscopic surgeons, (ii) verify the feasibility and effectiveness of TLDG after learning curve completion by comparing it with LADG; and (iii)
compare morbidities before and after TLDG learning curve completion.
Materials and Methods
Analysis of the TLDG learning curve
Using the Gyeongsang National University Hospital Gastric
Cancer Database, an analysis of the TLDG learning curve was The cumulative sum (CUSUM) method was used to investigate the outcomes of the 180 patients. The CUSUM method is useful for monitoring performance and defining a learning curve. 6, 10 The surgical outcome data were converted to the "success" and "failure"
formats necessary for CUSUM analysis. "Success" was defined by the absence of failure points. score ＞II), 11 prolonged hospital stay (＞30 days), and re-admission within a month. CUSUM is defined as S n =∑(X i -X o ), where X i =0
was for success and 1 for failure. 12 For this study, X o , the "acceptable failure rate" for TLDG and its subcategories, was set at 10%.
In practice, this means that for each failed TLDG, the CUSUM increased by an increment of 0.9, while each success reduced it by 0.1.
With regard to LADG, experience with approximately 50
LADG cases seems to result in satisfactory patient outcomes. 7, 8 Hence, we chose 50 patients for the creation of the LADG learning curve. 
Comparison of LADG and TLDG

Surgical procedures
Lymph node station numbers were scored according to the Japanese classification of gastric carcinoma. 14 Gastric resection and determination of the dissection area of the lymph node stations were performed based on the 2010 Japanese gastric cancer treatment guidelines. 15 With regard to conventional LADG, when preoperative diagnosis using gastrofiberoscopy and spiral computed tomography (CT) scans revealed early gastric cancer, distal gastrectomy, partial omentectomy, and D1+lymph node dissection (1, 3, 4sb, 4d, 5, 6, 7, 8a, 9) were performed. For the reconstruction, a Billroth I or Billroth II procedure using a 5 cm right subcostal or upper midline mini-laparotomy was performed. When performing the Billroth I procedure, while an extracorporeal anastomosis was initially made, the intracorporeal Billroth I stapled anastomosis was created by using a hand-access device as previously reported. 16 We performed antecolic and isoperistaltic gastrojejunostomy anastomosis (Billroth II) by hand-sewing without using a Braun procedure.
In terms of TLDG, most of the procedures except for tumor location determination, specimen removal, and anastomotic reconstruction were similar to those of LADG. We always performed intraoperative gastrofiberoscopy prior to the gastric resection to Values of P＜0.05 were considered significant.
Statistical analysis
Results
Demographics and clinicopathological data of the LADG and TLDG groups
The demographics and clinicopathological information of the studied patients are summarized in Table 2 ).
In terms of postoperative complications, there were no remarkable differences between groups (P＞0.05; Table 3 ). Values are presented as mean±standard deviation or number (%). LADG = laparoscopy-assisted distal gastrectomy; TLDG = totally laparoscopic distal gastrectomy; LN = lymph node; BI = Billroth I anastomosis; BII = Billroth II anastomosis; NS = non-specific. Values are presented as number (%). LADG = laparoscopy-assisted distal gastrectomy; TLDG = totally laparoscopic distal gastrectomy. indicating learning curve completion. A slowing change was identified in surgeon B's CUSUM curve. However, we discovered that the CUSUM curve peaked around 20 cases (Fig. 2) . These curves indicated that performing 30 and 20 TLDG cases was required to create the learning curve with these 2 surgeons. The moving average method and CUSUM curve results implicated that the learning curves were complete after 40 and 20 cases by these 2 surgeons.
Comparison before and after TLDG learning curve completion
Discussion
Laparoscopic gastrectomy has become a standard surgical treatment for patients diagnosed with early gastric cancer in East Asia. Several LADG learning curve studies have been reported to date. These reports showed that experience in managing 40~60
cases of LADG with systemic lymphadenectomy for early gastric cancer was required to achieve proficiency and reach a learning curve plateau. [6] [7] [8] [9] In contrast, no studies have yet reported on TLDG learning curves. To our knowledge, this study is the first report to analyze the TLDG learning curve. We also analyzed the multidimensional learning curve using the moving average method and CUSUM. Multidimensional analysis of the learning curve is particularly useful, as its use allows several essential parameters to be put together in a single graph. 4, 10 Intraoperative identification of tumor location is a prerequisite for TLDG because of the need for appropriate planning of the extent of gastric resection. During LADG, surgeons can easily identify tumor locations and tumor-free margins under direct vision.
However, it is impossible to localize a tumor directly in TLDG. We solved this problem by using intraoperative endoscopy. During the laparoscopic surgery, we performed simultaneous gastroendoscopy and could then mark the stomach wall with a felt-tip pen under both laparoscopic and endoscopic vision. Besides this, several methods have been reported to localize tumors during laparoscopic gastrectomy, such as intraoperative laparoscopic ultrasonography after preoperative endoscopic clipping, 18 intraoperative portable plain radiography with endoscopic clipping, 19 and endoscopic tattooing. 20, 21 Another important finding of this study is that TLDG is a timesaving procedure. The mean operation time was significantly shorter in the TLDG group (300.2 min vs. 251.4 min; P＜0.01). In our earlier study, we recommended the use of total laparoscopic procedures in patients with high body mass index values or thick abdominal walls. 22 We believe that the mini-laparotomy skin incision and the process of securing a proper visual field during extracorporeal anastomosis are the major causes of this. However, these issues were not observed when we performed the intra-corporeal anastomosis. Lee et al. 23 also reported that the intracorporeal Billroth II anastomosis time of TLDG was statistically shorter than that of LADG.
Overall and moderate to severe (ASCPC≥2) morbidity rates reduced significantly after learning curve completion. Morbidity rates (leakage, intra-abdominal abscess, bleeding, wound, and lung complications) decreased after learning curve completion as well. In particular, the decrease in intra-abdominal abscess rate was statistically significant (P＜0.01). We defined intra-abdominal abscess as the presence of septic fluid in the abdominal cavity that resulted in pyrexia (body temperature ＞38 o C) and was confirmed by ultrasonography or CT. 24 For beginners and inexperienced TLDG surgeons, it is difficult to manage technical problems related to intra-corporeal anastomosis properly and to prevent contamination by the bowel contents while making the entry hole with the stapler. These initial experiences could cause early morbidities such as leakage, bleeding, and intra-abdominal abscesses. Inexperienced surgeons should pay particular attention to using proper anastomotic reconstruction techniques to prevent the occurrence of intraabdominal abscesses until they overcome this learning curve.
Our study has several limitations. First, it was retrospective and nonrandomized. The enrolled patients underwent a number of different surgical procedures (Billroth I vs. Billroth II and hand sewing vs. linear stapler anastomosis). These factors would reflect a selection bias. Furthermore, detailed analysis about the timesaving effect in TLDG was lacking. Despite these drawbacks, we can ascertain some advantages. To our knowledge, the present study is the first report on the TLDG learning curve. It provides practical information for inexperienced TLDG surgeons by comparing learning curve completion data. We analyzed LADG and TLDG learning curve completion data to elucidate the feasibility of this newly extending surgical procedure further.
In conclusion, the learning curve was considered complete after 40~60 cases of TLDG in the training phase. The use of TLDG for early gastric cancer after learning curve completion was feasible and timesaving compared with LADG.
